perform a variant of the delayed match-to-sample (DMS) task with short retention intervals of only a few seconds. In a typical version of the DMS task (referred to as the standard version), a sample stimulus is followed by the presentation of a variable number of nonmatching test 
Figure 1. Connections of the Medial Temporal Lobe
At the top of the figure is a schematic diagram of the ventral surface of the monkey temporal lobe illustrating the locations of the perirhinal cortex (PR), the parahippocampal cortex (PH), the entorhinal cortex (EC), and the hippocampus (HPC). The hippocampus is located just below the posterior entorhinal cortex and parahippocampal cortex and is shown in shading. At the bottom is a block diagram illustrating the connectional organization of these medial temporal lobe areas. The perirhinal and parahippocampal cortices have strong yet differential interconnections with widespread unimodal and polymodal association areas throughout the cortex. These areas then provide the major input to the entorhinal cortex, which provides the major cortical input and output of the rest of the hippocampus. In this diagram, the term "hippocampus" includes the dentate gyrus, the hippocampus proper, and the subicular complex. All projections are reciprocal. See Suzuki (1996) for a more detailed description of the neuroanatomical organization of these regions. Abbreviations: C, caudal; L, lateral; M, medial; R, rostral.
This relatively subtle change in the task produced a a substantial portion of prefrontal neurons signal selective information about the to-be-remembered sample striking shift in the pattern of mnemonic activity observed. Specifically, a larger proportion of perirhinal stimulus during the delay intervals of this task, and this selective signal is maintained despite the presentation neurons (in one case, 35% compared to 9% in the standard version of the DMS) now signaled a matching stimof multiple intervening test items (Miller et al., 1996) . While selective activity is observed in the perirhinal corulus with an enhanced rather than a suppressed response. Notably, this enhanced response was specific tex during the delay interval immediately following the sample stimulus, this selective activity is abolished by for the to-be-remembered sample stimulus (the second A in the sequence above) and did not signal the repetithe presentation of even one intervening test item. Surprisingly, a small number of neurons in the entorhinal tion of the nonmatching test item (the second B). In contrast, neurons that responded to the matching stimucortex (6% of the total number of isolated cells) exhibit selective delay activity that is maintained following the lus with a suppressed response were equally suppressed for the repeated nonmatch and for the repetition presentation of multiple intervening test stimuli (Suzuki et al., 1997) . These findings suggest that the robust of the sample. Thus, the match enhancement signal appears to represent an active mnemonic signal specific maintained delay activity in the prefrontal cortex as well as in the entorhinal cortex (but not in the perirhinal corfor the behaviorally relevant matching stimulus (Miller and Desimone, 1994) . Although the cells that exhibit tex) signals information about the to-be-remembered sample stimulus throughout the trial. match suppression also have an active component in that they reset between trials, match suppression apNovelty and Familiarity While the findings described above suggest that stimupears to be a more general mnemonic signal identifying any repeated stimulus within a trial. While these studies lus-selective response enhancement or suppression is a common short-term memory signal in the medial temhave provided important insight into the patterns of activity underlying memory function in the medial temporal poral lobe, an important question concerns whether the same signals are also used in tasks of long-term memory lobe, additional studies will be needed to further characterize the specific memory demands required to engage when the delay intervals are minutes or hours instead of seconds. While neural responses during the perforeither suppressed or enhanced responses in the perirhinal and entorhinal cortices. Hippocampal neurons have mance of a DMS task with long delay intervals have not been examined, another long-lasting mnemonic signal not been examined during the performance of either version of the DMS task. related to stimulus familiarity has been described. Numerous studies showed that neurons in the monkey Another well-described short-term memory signal first observed in the prefrontal cortex is reflected by susentorhinal and perirhinal cortices respond with their highest firing rate for certain novel visual stimuli, and tained, stimulus-selective activity during the delay interval of various memory-demanding tasks (Fuster, 1989) . that these selective responses decline systematically with repeated presentations as the novel stimuli graduFindings from a recent physiology study suggest that this kind of maintained delay activity in the prefrontal ally become familiar (referred to as the familiarity effect). While early studies identified this familiarity effect in cortex also contributes to the performance of the ABBA version of the DMS task (Miller et al., 1996) , 1998 ). In the same study, no such familiarity signals were observed in hippocampal that a more extensive evaluation of task parameters may be needed in order to identify the specific memory neurons. In contrast, another study reported familiarity effects lasting up to about 2 min in a similar running demands required to engage hippocampal neurons in monkeys. A similar phenomenon was observed in the recognition task in the monkey hippocampus (Rolls et al., 1993) . Taken together, these studies support the early days of the human functional imaging literature when little or no evidence of medial temporal lobe/hipidea that neurons in the perirhinal and entorhinal cortices signal both short-and long-term memory with a pocampal activation was seen during the performance of memory-demanding tasks. As a wider variety of tasks response suppression. The physiological evidence for the role of the monkey hippocampus in recognition were examined, and baseline conditions were refined, increasingly more groups found robust hippocampal acmemory, however, remains mixed. 
Long-Term Recognition Signals in

Associate Tasks
Neural activity has also been studied using a different sociated with interpreting neurophysiological data from epileptic patients, the overall pattern of findings was kind of long-term memory task requiring the formation and maintenance of long-term associative memories strikingly similar to the findings just described in the monkey perirhinal and entorhinal cortices. That is, neu-(Sakai and Miyashita, 1991). In this task, monkeys learned a series of arbitrary associations between pairs rons in the human hippocampus and entorhinal cortex responded selectively during the encoding phase of the of complex visual stimuli. This group found that some neurons in and around the perirhinal cortex responded task. Moreover, neural responses during the recognition phase were modulated not only by the stimulus identity selectively to both visual stimuli of a pair that had been associated in memory (termed pair-coding neurons). Acbut also by whether the stimulus had been seen before. The responses of 35% of cells recorded in the hippotivity in other medial temporal lobe areas has not been examined during the performance of this task. While campus and 40% of cells recorded in the entorhinal cortex were influenced by whether a stimulus was new this report remains one of the clearest demonstrations of long-term memory signals in the medial temporal or old. The majority of these cells exhibited enhanced activity in response to previously seen stimuli.
lobe, many questions remain to be addressed. For example, one question concerns the time course of develThese findings support the idea that neurons in the human hippocampus and entorhinal cortex signal longopment of these pair-coding responses in relation to behavioral learning. Because these recordings have term recognition memory for objects or faces. These findings are also consistent with findings from human been made only in animals performing well-learned associations, this relationship has not been established. neuropsychological studies showing that subjects with discrete lesions presumably limited to the hippocampus Conclusion Neurophysiological studies of memory in monkeys have exhibit significant recognition memory impairments on a wide variety of tasks (Reed and Squire, 1997) . Similarly, made substantial progress in identifying the patterns of neural activity underlying various forms of short-term a growing number of recent functional imaging studies report significant activations of the hippocampal region memory as well as some forms of long-term memory. An important idea to emerge from these studies is that during a variety of declarative memory tasks, including recognition tasks (Schacter et al., 1996) 
